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Abstract

The blue shark (Prionace glauca) is a main of shark by-catch in tuna longline fisheries, but its
status is uncertain due to recent catch increases and conflicting data, particularly in the abundance
index. this study aimed to update the CPUE of blue shark (BSH) to provide abundance indices in the
eastern Indian Ocean utilising data obtained through scientific observer program. Catch and effort data
from more than 172 trips and 4163 sets were obtained from the Indonesian scientific observer
program, spanning the years 2006 to 2024. These data were spatially disaggregated into one-degree
blocks and were collected alongside commercial longline fleets. To analyse the dataset, Nominal annual
CPUEs were calculated as number (N)/1000 hook. Standardized CPUEs were estimated with
Generalized Linear Models (GLMs) using Year, Quarter, nbf, Hooks and Area. Model goodness of-fit and
model comparison was carried out with the Akaike Information Criteria (AIC) and the pseudo coefficient
of determination (R?) and model validation with a residual analysis. The final estimated indexes of
abundance were calculated by least square means (LSMeans). The results showed that, no clear long-
term pattern was detected, although relatively higher CPUE were observed in the more recent years
but exhibited a decline trend in the past five years.

Introduction

Large pelagic sharks account for more than 50% of the chondrichthys bycatch in pelagic
longline fisheries, with blue sharks accounting for the largest catches in temperate and sub-
tropical areas (Bonanomietal., 2017). Blue shark in the Indian Ocean was not being overfished
but may be experiencing overfishing based on the last stock assessment by the Indian Ocean
Tuna Commission (IOTC) in 2017 (Rice, 2017). However, the Indian Ocean blue shark (10 BSH)
has experienced high fishing pressure in recent years, and current catch risk might deplete the
stock to overfished status relatively quickly (IOTC, 2017). According to observers’ data records
spanning the period from January 2006 to December 2018, blue sharks represented 60% of
the bycatch in the commercial longline tuna fishery in Indonesia (Rochman et al., 2021).
Catch per unit effort (CPUE) is commonly defined as a crucial source of information for
fisheries stock assessments, generally assumed to reflect fish abundance, and is consequently
used as a relative index of abundance (Campbell, 2004). Accordingly, this study aimed to
update the CPUE of blue shark (BSH) to provide abundance indices in the eastern Indian
Ocean.
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We previously presented an index of abundance for the blue shark (standardized CPUE) for
the period 2005-2014 (Novianto et al., 2016), period 2005-2016 (Novianto et al., 2017), 2005-
2018 (Jatmiko et al., 2019) and 2006-2019 (Wudji et al., 2021). We now provide an updated
index of abundance for this species based on observer data RITF (2006-2022) and Directorate
General of Capture Fisheries (2023-2024).

Materials and Methods

Data Collection

This study is based on data collected by Indonesian observers on tuna longline vessels
operating mainly from Benoa Fishing Port, Bali. The observer program began in 2005 through
an Australia—Indonesia collaboration (ACIAR Project FIS/2002/074) and was later managed by
the Research Institute for Tuna Fisheries (RITF) from 2012. Following the establishment of the
National Research and Innovation Agency (BRIN), the program was discontinued in 2022
(Burhani et al., 2023). Consequently, the data utilized in this study were obtained from the
Directorate General of Capture Fisheries under the Ministry of Marine Affairs and Fisheries.
However, the coverage was lower than the IOTC requirement, which is 5%.

A total of 4,163 set-by-set data from 2006 to 2024 were obtained from scientific observers.
Fishing trips usually last from three weeks to three months. The main fishing grounds cover
the western and southern parts of Indonesian waters, stretching from 75° — 130°E and 0° —
35°S (Figure 1). The dataset includes information such as the species-specific catch quantities,
total number of hooks, number of hooks between floats (HBF), start time of the set, start time
of haul, soak time, and geographic positions where the longline sets were deployed.

CPUE Standardisation

The CPUE analysis was carried out using the operational data at the fishing set level was used,
with the catch data referring to the total numbers (N) of blue shark captured per fishing set.
For the CPUE standardization, the response variable was catch per unit of effort (CPUE),
measured as numbers (N) of BSH per 1000 hooks deployed. The standardized CPUE series was
estimated with Generalized Linear Models (GLM) and Generalized Linear Mixed Models
(GLMM).

There were a relatively large number of sets (62.12%) with zero BSH catches that results in a
response variable of CPUE=0. As these zeros can cause mathematical problems for fitting the
models, the approach chosen was a Tweedie model with link=log that can model both the
continuous component of the response variable for the positive observations and the mass of
zeros for the zero catches. For this model the nominal CPUE was used directly in the response
variable given this specific characteristic of the distribution.

The following explanatory variables were included:
a. Year: observation year (2006-2024), treated as a categorical variable;
b. Quarter: quarters within the year (i.e., Q1 = January-March, Q2 = April-June, Q3 =
JulySeptember, Q4 = October-December), treated as a categorical variable;
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c. Hbf: Number of hooks between floats was included as a categorical variable;
Hooks: The total number of hooks deployed each setting operations, treated as a
categorical variable

e. Area: defined by regression trees, according to the method developed by Ichinokawa
and Brodziak (2010).

Explanatory variables in the CPUE standardization models were evaluated using likelihood
ratio tests against the null model and by assessing deviance explained. Model fit and
comparison were based on AIC and pseudo-R?, with significant interactions retained in the
analysis. Residual analysis was used for model validation. Final abundance indices were
derived from least square means (LSMeans) or marginal means, scaled to the mean
standardized CPUE across the time series.

Results

Fishing activity

The final dataset contained 172 trips, 4163 sets, and more than 5 million hooks (Table 1). The
efforts (number of hooks) were mostly concentrated in the eastern Indian Ocean, with most
of the positive catches in the area south of Indonesian waters, between 0-20°S and 75-125°E
(Figure 1).

Table 1. Summary of observed effort from Indonesian tuna longline fishery during 2006—2024.

. Total Mean Mean
Year Trips Sets hooks hooks se HBE Se
2006 13 400 575,989 1,44 10.8 11.2 0.20
2007 13 262 403,333 1,539 20.0 14.0 0.27
2008 15 396 510,702 1,29 19.3 12.7 0.22
2009 13 288 328,718 1,141 13.8 12.2 0.29

2010 6 166 221,274 1,333 35.5 13.6 0.40
2011 3 105 110,384 1,051 17.0 12.0 0.00
2012 8 198 290,265 1,466 39.7 14.1 0.16
2013 7 210 231,99 1,105 14.1 12.4 0.15
2014 6 184 216,705 1,178 134 15.0 0.14
2015 5 150 174,655 1,164 11.8 14.1 0.26
2016 8 210 279,868 1,333 11.5 12.7 0.30
2017 14 236 297,78 1,262 26.0 16.7 0.29
2018 6 195 262,856 1,348 16.5 14.8 0.18
2019 9 164 216,836 1,322 15.1 10.8 0.35
2020 2 63 86,845 1,378 18.2 13.5 0.11
2021 5 130 197,424 1,519 27.3 11.3 0.29
2022 6 122 221,196 1,813 33.6 12.7 0.37
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2023 8 239 531,479 2,224 50.9 6.72 0.13
2024 25 445 771,411 1,695 41.4 11.4 0.38
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Figure 1. Distribution of the Indonesia observer data used in this BSH CPUE standardization.
The effort is represented in 5*5-degree grids with darker and lighter colours representing
respectively to areas with more and less effort in number of hooks.

Spatial distribution of the data

The dataset analysed was derived from the Indonesian fishery, mainly in the eastern Indian
Ocean across tropical and temperate waters. Using the GLM tree method, four areas were
defined, separating tropical from temperate zones and eastern from western locations (Figure
2). These area definitions were applied in the BSH CPUE standardization model as spatial

effects.

Latitude

-10

-20

-30

80

I I l
100 110 120

Longitude

Figure 2. Results from the GLM tree method for area definitions (4 areas) using the Indonesia

data for the BSH CPUE standardization
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CPUE data characteristics

In general, the nominal CPUE series of blue shark in Indonesian longline fisheries showed high
interannual variability. The series began at a moderate level in 2006, with notable peaks in
2007, 2012, 2018, 2020 and lower values in the remaining years. The percentage of fishing
sets with zero catches of BSH in the fishery was high, specifically 62.12% of the fishing sets,
varying annually between a minimum of 30% in 2018 and a maximum of 98.2% in 2011 (Figure
3). Overall, the nominal blue shark CPUE distribution was highly skewed to the right and
become more normal shaped, but still skewed, in a log-transformed scale (Figure 4).
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Figure 3. Nominal CPUE series (N/1000 hooks) (left panel) and Proportion of zero-catch-per-
set (right panel) for BSH from 2006 to 2024. The error bars refer to the standard errors.
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Figure 4: Distribution of the nominal BSH CPUE from the Indonesia data in non-transformed
(top) and log-transformed (bottom) scales.

CPUE Standardization

The selection of explanatory variables was based on the results of previous modelling
(Novianto et al., 2016, 2017; Jatmiko et al., 2019; Wujdi et al., 2021). Only significant variables
were chosen to construct the final model, namely Year, Quarter, Hooks (total number of hooks
used per setting), NBF (number of hooks between floats), and Area. In the final model, the
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factors that contributed most to the deviance were Area, followed by Year, Hooks, hbf and
Quarter, with the remaining effects and interactions contributing to a lesser extent (Table 2).

Table 2. Deviance table of the parameters used for the BSH CPUE standardizations if the
Indonesia data, using a Tweedie GLM with link=log. For each parameter it is indicated the
degrees of freedom (Df), the deviance (Dev), the residual degrees of freedom (Resid Df), the
residual deviance (Resid. Dev), the F-test statistic and the significance (p-value).

Parameter Df Dev Resid. Df Resid. Dev  F-stat. Pr(>F)

(Intersept only) 3916 7574.1

Year 18 1098.18 3898 6475.9 33.28 <0.001
Quarter 3 25.57 3895 6450.4 4.65 0.002
hbf 1 60.45 3894 6389.9 32,98 <0.001
Hooks 1 92.54 3893 6297.4 50.49 <0.001
Area 3 1310.33 3890 4987.1 238.31 <0.001
Quarter:hbf 3 70.29 3887 4916.8 12.78 <0.001
Quarter:Hooks 3 74.55 3884 4842.2 13.56 <0.001
hbf:Hooks 1 10.86 3883 4831.4 5.92 0.014
hbf:Area 3 67.93 3880 4763.4 12.35 <0.001

In terms of model validation, the residual analysis, including the residuals distribution along
the fitted values, the QQ plots and the residuals histograms, showed that the model was
adequate with no major outliers or trends in the residuals (Figure 5).
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Figure 5. Residual analysis for the final BSH CPUE standardization model for the Indonesia
data, between 2005 and 2016. In the plot it is presented the histogram of the distribution of
the residuals (right), the QQ Plot (middle) and the residuals along the fitted values on the log
scale (left).
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The standardized CPUE index of blue shark (N/1000 hooks) for Indonesian longline fisheries in
the Indian Ocean from 2006 to 2024 is presented in Figure 6 and Table 3.

The overall trend resembled the nominal series but with less pronounced fluctuations. No
clear long-term pattern was detected, although relatively higher values were observed in the
more recent years but exhibited a decline in the past five years. However, considerable
uncertainty remains, largely attributable to the limited spatial and temporal coverage of
scientific observer data. The implementation of the National Observer Program by the
Directorate General of Capture Fisheries, Ministry of Marine Affairs and Fisheries is expected
to enhance observer coverage in the coming years, thereby mitigating this limitation
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Figure 6. Standardized CPUE series for BSH from Indonesia data using a Tweedie model,
between 2006 and 2024. The solid lines refer to the standardized index with the 95%
confidence intervals, and the dots represent the nominal CPUE series. Both series are
scaled by their means.

Table 3. Nominal and standardized CPUEs (N/1000 hooks) for BSH using the Indonesia data in
the Indian Ocean. The point estimates, 95% confidence intervals and the coefficient
of variation (CV, %) of the standardized index are presented, as well as the nominal

CPUE values.
. Standardized CPUE index (N/1000 Hooks)
Year Nominal — LowerCl  Upper CI
z ower pper
CPUE 9
cpue Vo5 (95%)
2006 0.79 0.62 1.96 0.51 0.75
2007 1.02 0.58 1.62 0.47 0.70
2008 0.40 0.42 2.24 0.34 0.53
2009 0.14 0.18 2.99 0.12 0.25
2010 0.32 0.38 2.42 0.26 0.55

2011 0.007 0.06 7.76 0.01 0.26
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2012 0.97 0.48 1.78 0.37 0.62
2013 0.17 0.31 2.98 0.21 0.47
2014 0.28 0.24 2.35 0.17 0.33
2015 0.84 0.78 1.73 0.59 1.03
2016 0.62 0.62 1.82 0.45 0.85
2017 0.81 0.57 1.75 0.43 0.77
2018 1.20 0.60 1.48 0.49 0.74
2019 0.93 0.71 1.56 0.55 0.90
2020 1.21 0.59 1.40 0.42 0.84
2021 0.67 0.51 1.77 0.37 0.68
2022 0.66 0.41 1.87 0.29 0.57
2023 0.86 0.37 1.96 0.27 0.50
2024 0.21 0.14 2.85 0.11 0.18
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